The objectives of the study were to examine occupational exposure to phthalates of hairdressing apprentices from Slovakia (n = 74, 89.2% females; 10.8% males), outcomes related to body composition and pulmonary functions. We used high-performance liquid chromatography and tandem mass spectrometry to the quantified urinary concentration of phthalates. Pulmonary function test (PFT), anthropometric measurements, and questionnaire were also conducted. We observed a decrease of % of predicted values of forced vital capacity (FVC% of PV) related exposure to mono(2-ethyl-5-oxohexyl) phthalate (MEOHP; p = 0.054) and sum of bis(2-ethylhexyl) phthalate metabolites ( DEHP; p = 0.037), and a decrease of % of predicted values of vital capacity (VC% of PV) related to exposure to MEOHP, DEHP (p = 0.008), and mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP; p = 0.014) in females. We detected associations between forced vital capacity (FVC) with weight (p = 0.002) and fat-free mass index (FFMI, p = 0.010). Vital capacity (VC) and VC% of PV increased with weight, body mass index (BMI), waist circumference (WC), hip circumference (HC), waist-hip ratio (WHR), the waist-height ratio (WHtR), fat mass index (FMI) and FFMI in females (p ≤ 0.014). Results of multivariate regression between PFT and anthropometric parameters adjusted to phthalates indicated exposure to MnBP and MEHP, changing body structure (BMI and FMI), subsequently affecting values of FEV 1 /FVC.
Introduction
Xenobiotic phthalates are industrially produced in huge quantities. Due to extensive use as plasticizers in numerous consumer products [1] , phthalate esters (esters of phthalic acid) have become ubiquitous environmental contaminants [2] . Various routes of exposure to phthalates were observed depending on occupational and lifestyle habits and on sociodemographic factors such as diet [3] [4] [5] [6] [7] [8] , inhalation [9] [10] [11] [12] , and dermal contact [13] because of lack of their covalent binding in compounds [14] . Hairdressing is one of the most rapidly developing branches of the service industry in Europe which brings about new risks. Many hairdressers are lacking adequate knowledge on potential hazards of their occupation, as well as on preventive strategies for reducing them [15] . The main phthalates in cosmetics and personal care products are those of low molecular weight [16] [17] [18] . Phthalate
Materials and Methods

Study Population
We studied a pooled cohort of apprentices, aged 15-19 years (n = 74), attending vocational training schools for hairdressers, residing in districts of central Slovakia (Banska Bystrica and Zvolen). Hair treatments with similar hair products, equipment, and procedures were used in both districts. This meant that the scenarios of environmental exposures were most probably alike. The cohort consisted of 66 females (89.19%) and 8 males (10.81%). The study received approval from the Institutional Review Board of the Slovak Medical University and written informed consent was obtained from each participant. There was a possibility to withdraw participation anytime during the study. Subjects diagnosed with a respiratory illness or metabolic disorders and those with an incomplete questionnaire or with the prescription of bronchodilators or steroids were excluded.
Anthropometry
Anthropometric measurements were performed by a trained technician and repeated tests (three times and averaged) were conducted in agreement with the GPs (Gold Standard). Body composition (weight, body fat percentage, muscle mass percentage, and visceral fat level) was estimated by an Omron BF510 instrument (Kyoto, Japan). Body-mass index (BMI), waist-to-height ratio (WHtR), waist to hip ratio (WHR), fat mass indices (FMI), fat-free mass indices (FFMI) and a Body Shape Index (ABSI) were calculated.
Spirometry
Participants performed up to three maneuvers according to European Respiratory Society/ American Thoracic Society recommendations [41] and using a spirometer Spirolab II (MIR, Rome, Italy) and Winspiro PRO software, configured to individual preferences. Each subject was instructed and verbally encouraged to give maximal effort during the test. The percent predicted value was calculated as the percentage of the participant's measured value to the predicted value (% of PV). The best result from three consecutive pulmonary function tests (PFTs) was taken for recording. The values obtained from the tests were: forced expiratory volume in 1 s (FEV1, L), forced vital capacity (FVC, L), Tiffeneau-Pinelli index-the ratio of FEV1 to FVC (FEV1/FVC, %), peak expiratory flow (PEF), vital capacity (VC, L), and maximal voluntary ventilation (MVV, L). PFTs were conducted by a trained technician. The pack-year index (p/y) was calculated by multiplying the number of packs of cigarettes smoked per day by the number of years the person has smoked.
Phthalate Analyses
Hairdressing apprentices provided first spot urine samples (2 × 2 mL) at the beginning of work, not earlier than 6:00 am, at the end of the workweek (Friday, work duration at least 8 h per shift), which gives information about individual exposures during last 24 h. Samples were stored in a transport box at 2-6 • C and then in the deep freezer at −73 • C until analysis. We used high-performance liquid chromatography (HPLC) and tandem mass spectrometry (MS/MS) (Infinity 1260 and 6410 triplequad, Agilent, Santa Clara, CA, USA) to quantified urinary concentration of compounds: MEP, MnBP, MEHP, MEHHP, MEOHP by the method of Pilka et al. [42] . The method was certificated for occupational/environmental medical-toxicological analysis for the Environmental medical field by EQUAS in German External Quality Assessment Scheme.
The analytical standards were purchased from Cambridge isotope laboratories (Tewksbury, MA, USA). Briefly, 1ml of urine was thawed, buffered with ammonium acetate, spiked with isotope-labeled phthalate standards, β-glucuronidase enzyme (K12 E. Coli, Roche, Mannheim, Germany) and incubated during 60 min at 37 • C. After deconjugation, samples were diluted with phosphate buffer (NaH 2 PO 4 in H 3 PO 4 ) and loaded on SPE cartridges (ABS Elut Nexus, Agilent, Santa Clara, CA, USA). Cartridges were conditioned with acetonitrile followed by phosphate buffer before extraction. To remove the hydrophilic compound, SPE cartridges were flushed by formic acid (Merck KGaA, Darmstadt, Germany) and HPLC grade water. Elution of analytes was performed by acetonitrile (Merck KGaA, Darmstadt, Germany) and ethylacetate (Sigma-Aldrich, Steinheim, Germany). Eluate was dried by nitrogen gas and reconstituted with 200µL of H 2 O and acetonitrile (1:1). For HPLC, an Agilent Infinity 1260 liquid chromatography equipped with ZORBAX Eclipse phenyl-hexyl column (2.1 × 150 mm, 3 µm) was used. The separation was done using a nonlinear gradient program of mobile phases C 2 H 3 N and 0.1% acetic acid (Fisher Scientific, Loughborough, UK) in H 2 O. For mass specific detection of phthalate metabolites we use triplequad with electro-spray ionization (Agilent 6410), according instrumental settings as follows: Spray ion voltage (−3800 V), nitrogen nebulizer gas pressure (8 psi), and nitrogen curtain gas pressure (7 psi), capillary temperature (430 • C), and collision gas (nitrogen) pressure (1.5 mTor). Chromatographic and mass spectrometric parameters are described in Table 1 . The sum of the di(2-ethylhexyl) phthalate (DEHP) metabolites (ΣMEHP) was calculated by adding the corresponding concentrations of MEHP, MEHHP, and MEOHP. MEP-monoethyl phthalate, MnBP-mono-n-butyl phthalate, MEHP-mono(2-ethylhexyl) phthalate, MEHHP-mono (2-ethyl-5-hydroxyhexyl) phthalate, MEOHP-mono(2-ethyl-5-oxohexyl) phthalate, F-fragmentor, CE-collision energy, RT-retention time (min), LOD-limit of detection (ng/mL).
Statistics
Means with standard deviations (SDs), medians, and the 5th and 95th percentiles of concentrations were computed for the description of urinary phthalate metabolite levels. The non-parametric Mann-Whitney U (Wilcoxon rank-sum) test was used for analyses between pack-year index, sports activity, and dynamic pulmonary function. Multivariate regression analysis was used to estimate associations between pulmonary functions and anthropometric parameters (body weight, waist circumference-WC, hip circumference-HC, BMI, FMI, FFMI, WHR, WHtR, and ABSI) adjusted to occupational exposure to phthalates (monoethyl phthalate-MEP; mono-n-butyl phthalate-MnBP; mono(2-ethylhexyl) phthalate-MEHP; mono(2-ethyl-5-hydroxyhexyl) phthalate-MEHHP; mono(2-ethyl-5-oxohexyl) phthalate-MEOHP and sum bis(2-ethylhexyl) phthalate-DEHP). In these models, urinary phthalate concentrations were base 10 log-transformed. All statistical analyses were performed using the SPSS for Windows statistical package (version 14.0; SPSS Inc., Chicago, IL, USA).
Results and Discussion
The results of this study confirm and extend observations on health issues related to phthalate exposure in hairdressing apprentices, mentioned in our previous study focused on hairdressing occupational exposure [12] from Nitra and Levice region, Slovakia.
The baseline characteristics of the study group are shown in Table 2 . ABSI-A Body Shape Index, BMI-body-mass index, WHtR-waist-to-height ratio, WHR-waist-to-hip ratio, FFMI-fat free mass index, FMI-fat mass index.
Almost 89.2% of subjects declared their health status to be in very good condition. We documented self-rated perception of health problems as follows: Pneumonia (28.4%), allergy (28.4%), low blood pressure (2.7%), asthma (1.4%), hand eczema (1.4%), epilepsy (1.4%), high blood pressure (1.4%), psoriasis (1.4%), osteoporosis (1.4%), and thyroid disease (1.4%). Perceived self-rated general health problems in our cohort confirmed mucosal irritations and cardiovascular symptoms, in agreement with the findings of others [12, 34, 35, [43] [44] [45] . We identified potential skin and mucous membrane irritation (sneezing-24%, itching-12%, cough-7%, breathlessness-4%), most often related to permanent waving (45.9%) or use of hair spray (17.6%). Similar symptoms were reported in studies from Turkey [46] , Iran [47] , and Slovakia [12] . In addition to these, in India, bleaching powders were rated as the most irritant chemicals that provoke respiratory symptoms in hairdressers [38] .
Only 2.7% of probands used a personal protective mask; however, almost 84% of probands reported the use of personal protective gloves. Reported was the absence of air exhaust at the workplace or uncontrollable ventilation with open windows. The currently reported inadequate air exhausting at the workplace and non-using of professional personal protective equipment is in agreement with our previous observations [12] and those from Europe [31, 34, 48] and Africa [15] and Asia [49] . Improving the indoor air quality in hairdressing salons was also claimed in a study from Taiwan [19] .
We did not observe an association between sports activity and pulmonary functions, body composition or phthalate exposure, despite frequently performed sports and physical activities, as stated by 83% of probands (n = 62; running-33.8%, dancing-24.3%, volleyball-16.2%, football-13.5%). On the other hand, monitoring of lifestyle rendered negative findings, as 50% of probands were smokers (n = 37; p/y = 1.73 ± 1.56; 44.6% of female and 5.4% of males) and 6.75% ex-smokers (n = 5; p/y = 1.29 ± 0.86; 4.1% of females and 2.7% of males). It is in accordance with our previous data [12] . Females scored higher than men on the value of the pack-year index (1.86 ± 1.63 compared to 1.74 ± 1.38). Almost 83% of probands (n = 62) reported current exposure to environmental tobacco smoke (passive smoking) and half of the study population was exposed also in childhood, in agreement with studies worldwide [45, [50] [51] [52] [53] .
Spirometry is common in primary care and an effective diagnostic test that provides information about the health status of the respiratory system. Almost 91% of probands reached 100% or even more than their VC% of PV. On the other hand, in PEF and MVV tests, more than 50% of probands scored less than 89.9% of predicted value (Table 3) .
Peak values of FVC% of PV and MVV% of PV were reached by non-smokers (Table 4) . We conclude that in the studied population there are no differences probably due to the young age of probands. Moreover, we detected symptoms of stage 1 of chronic obstructive pulmonary disease (COPD) [54] in 4.05% of females (n = 3; p/y = 1.40 ± 2.43) and symptoms of simple and mucopurulent chronic bronchitis in 10.8% of subjects (n = 8; 1 male, 7 females; p/y = 1.10 ± 1.58). In probands with smoking history (current smokers and ex-smokers), we detected an association between a pack-year index and PEF (p = 0.002, α = 0.01) (Mann-Whitney U test).
Vital capacity is the lung volume that can be measured as slow vital capacity (VC) or forced vital capacity (FVC). In normal subjects, there is little or no difference between VC and FVC [55] . In our cohort, VC% of PV reached higher values than FVC% of PV in both genders (126.49% vs. 106.83% in males; 124.49% vs. 105.59% in females). It follows from some studies [56, 57] that FVC is smaller than VC both in asthma patients and COPD patients because of airflow limitation, small airway collapse, and gas trapping. The increasing gap between VC% of PV and FVC% of PV from asymptomatic probands through those diagnosed from such as simple and mucopurulent chronic bronchitis to probands with COPD symptoms indicates that those findings could be affected by exposure to chemical substances in our study population.
We observed the significant positive association (Pearson) between results of PFTs, either as absolute values or percent of predicted values, and anthropometric parameters, in the female cohort ( Table 5) .
As expected, most statistically significant relationships were with absolute values, however many remained significant even when expressed as a percent of predicted values as follows: With weight (p = 0.008), BMI (p = 0.005), WC (p = 0.003), WHR (p = 0.005), WhTR (p = 0.003), FMI (p = 0.009), and FFMI (p = 0.003). We observed such behavior mostly with parameters related to VC. We also observed an association between FVC and weight (p = 0.002) and FFMI (0.01). We included in our measures ABSI, as body shape measured by ABSI, derivable from basic clinical measurements, appears to be a substantial risk factor for premature mortality in the general population. In our study ABSI reached higher values in females than in males (0.0726 vs. 0.0709; ABSI Z-Score = −1.3 vs. −1.7; ABSI percent = 14 vs. 7). On the other hand, the relative risk estimated from ABSI was the same for both sexes and reached 0.7 (range 0.6-0.9). It means that males and females had a 30 percent lower risk of death rate (1 represents average risk; the range is the approximate 95% confidence interval).
We compared the current results with our previous data on hairdressing apprentices [12] to verify the exposure mode and expand data on this specific type of educational and occupational environment. We detected higher FEV1% of PV (p ≤ 0.001) and VC (p ≤ 0.001) in control group of our previous study [12] in comparison with hairdressing apprentices from the current study, and FVC% of PV (p ≤ 0.05), FEV1(p ≤ 0.001), and VC (p ≤ 0.001) in comparison with hairdressing apprentices from our previous study [12] . Our findings on PFT, (except PEF), are in accordance with results from cohort composed from Parisian hairdressing apprentices [50] . However, compared to other hairdressing occupational studies [47, 49, 58] we detected higher values of pulmonary functions. These differences, however, may have been influenced by age and length of exposure, as in the current study we examined apprentices and not adult hairdressers.
From all probands (n = 74) only 64 (86.49%) provided a first-morning-void urine sample. Analyses detected MEHHP, MEP, and MnBP in all urine samples, followed by MEOHP (98.4%) and MEHP (89.16%). The frequency distribution of the concentration of urinary phthalate metabolites was positively skewed. Urinary concentration of phthalate monoesters confirmed occupational exposure to phthalates shown in Table 6 . The highest ratio level from DEHP metabolites scored MEHHP (57.24%), followed by MEOHP (31.29%) and MEHP (11.46%). The mean excretion-ratios of MEHP to MEHHP and MEHP to MEOHP were 1:5 and 1:2.7, respectively. Basically, the excretion pattern of primary and secondary DEHP metabolites was in accordance with that observed in hairdressing apprentices previously [12] ; however, currently we observed higher concentration of all phthalate metabolites (medians and 95 percentile, ng/mL), except 95 percentile of MEHHP and DEHP in comparison to our previous data. Concentrations of MEHHP (p ≤ 0.005), MEOHP (p ≤ 0.005), and DEHP (p ≤ 0.05) were higher in the current study compared to urine samples of hairdressing apprentices from Slovakia [12] . Those finding suggest potential higher exposure to parental diesters in this specific type of work environment.
The present median concentration of MEP compares well with US data on nail salon workers (22-58 years), although we scored higher with MEHHP and MEOHP but lower with MEHP [59] . However, in children exposed to vinyl flooring at home, median and 95 percentile of MEP concentration reached higher values than in our study.
We also observed a decrease of FVC% of PV vs. MEOHP (r = −0.26; p = 0.054) and DEHP (r = −0.28, p = 0.037) and of VC% of PV vs. MEHHP (r = −0.33, p = 0.014), MEOHP (r = −0.35, p = 0.008) and DEHP (r = −0.35, p = 0.008) in females (Table 7) .
In males (n = 8) we observed negative associations between MnBP and waist circumference (r = −0.74, p ≤ 0.05), hip circumference (r = −0.86, p ≤ 0.05), and WHtR (r = −0.74, p ≤ 0.05) and between MEP and FVC% of PV (r = −0.88, p ≤ 0.05). In contrast, we observed a positive association between the concentration of MEHP and MVV% of PV (r = 0.74, p ≤ 0.05). Our data do not confirm the hypothesis about the obesogenic effects of phthalates [60] . On the other hand, associations between phthalates exposure and fat distribution and accumulation could be sex-specific [61] . This hypothesis must be confirmed on a larger cohort.
Next, we examined, using multivariate regression analysis, how exposure to phthalates may affect the relationship between anthropometric parameters and the PFTs in hairdressing female apprentices. In Table 8 , we show statistically significant results of bivariate and multivariate regression tests. An adjustment to phthalate exposure did not influence the association between absolute or predicted values of PFTs and anthropometric parameters. The FEV1/FVC, in contrast, was not related to anthropometric parameters; however, after adjustment to MnBP a significant association between FEV1/FVC and BMI and FMI appeared (r = −0.484, p ≤ 0.041; r = −0.657, p ≤ 0.036, respectively), and after adjustment for MEHP, the FEV1/FVC was related to FMI (r = −0.604, p ≤ 0.047).
It deserves a note that we have observed higher concentration of phthalates in the subgroup of probands with COPD symptoms providing urine sample (n = 2) compared to the asymptomatic ones as follows: MEP (263.80 ng/mL vs. 98.87 ng/mL), MnBP (179.06 ng/mL vs. 164.91ng/mL), MEHP (8.56 ng/mL vs. 4.02 ng/mL), MEHHP (54.02 ng/mL vs. 27.09 ng/mL), MEOHP (31.32 ng/mL vs. 14.97 ng/mL), and DEHP (93.90 ng/mL vs. 45.35 ng/mL). Despite the low incidence of symptoms of simple and mucopurulent chronic bronchitis and COPD symptoms in our study (10.8% and 4.05%, respectively), progress and deterioration of this condition, in connection with phthalates overexposure, can be expected in the future. Namely, smoking combined with exposure to a mixture of chemicals at the workplace could be a potential risk factor for the development of these entities. Further study is needed to explore this hypothesis.
We hypothesize that occupational exposure to phthalates causes changes in body constitution which secondarily can affect pulmonary functions.
Limitations of our study are due to the lack of environmental air data confirming exposures by monitoring the spot urine measures of phthalates. Moreover, non-monitored chemicals used in the workplace could play a role as co-exposure. Moreover, life habits and consumer practices of probands could affect concentrations of phthalates. The mixture effects of all pollutants representing occupational exposure have to be accounted for. A limitation of the study was also the relatively small sample size. For this reason, our results cannot be generalized to the broader community based on this study alone. Table 7 . Bivariate analysis between PFT parameters and phthalate metabolites in females (n = 66), Spearman correlation coefficient (p value). 
Phthalate
Conclusions
Data indicate that hairdressing-related phthalate exposure is significant. We observed an association between pulmonary function test and anthropometric parameters adjusted to occupational exposure to phthalates. We hypothesize that exposure to phthalates during adolescence affects body composition which secondarily could affect the values of the pulmonary function of females' hairdressing apprentices.
We can conclude that biomonitoring of phthalates in this type of occupational environment is needed to regulate the harmful effect on health. Adequate attention should be given to education about potential hazards and preventive strategies in this occupational environment. Appropriate preventive strategy by pulmonary function test in periodical monitoring can detect early signs of pulmonary dysfunctions.
Exposure to phthalates and other chemicals in hairdresser salons means that the health of the general population when receiving hair salon services can be also endangered. To prevent these unnecessary exposures, improving indoor air quality in this type of work environment is needed. We recommended mandatory local exhaust ventilation and education on the use of personal protective equipment worn by workers to protect against hazards in the environment. 
